This movie shows (left) the destabilization and turbulent breakup of a large silicone oil drop in immersion oil when a dc field at E = 11V /µm is turned on, and (right) chaotic dynamics in a cloud of oil droplets at E = 12V µm. Droplets in focus have clear outlines, while out-of-focus droplets appear as hazy, dark objects.
The movie is recorded at 200f ps and displayed at 10f ps.
Supplementary Movie 4: Polygonal facets on pulsating droplets
This movie shows polygonal facets on the pulsating droplets at frequency 7 Hz and E = 10V /µm.
The facets occur when the amplitude of the applied sinusoidal voltage reaches its maximum value.
Here, the electric field is perpendicular to the plane of the paper. The movie is recorded at 200f ps and displayed at 7f ps.
Supplementary Movie 5: Droplet coalescence
This movie shows the coalescence of droplets at f = 25Hz and E = 10V /µm. The electric field is perpendicular to the plane of the paper. The movie is strobed at the driving frequency of 25 Hz, so that its pulsation at the driving frequency is not visible, and displayed at 7f ps. All droplet motion stops completely when the field is turned off. shown in the right panel of the figure; the direction is radially inward. For low frequencies the inward force at the pole exceeds that at the equator and the resulting shape of the drop is oblate. For high frequencies the inward force at the equator exceeds that at the pole and the resulting shape of the drop is prolate. At a crossover frequency, the radial plot is circular, and the drop remains spherical because the normal stress is isotropic.
The time independent component of the electric stress on a spherical droplet suspended in a leaky dielectric medium in the presence of an imposed ac electric field (E) is calculated from the expression derived by Torza et. al. (reference [19] in the manuscript). The expressions for the normal (F rf ) and transverse (F θf ) stresses at the droplet surface, in non-dimensional form, are
where ω = 2πf , R = σ ex /σ in , S = in / ex , τ = 0 ex /σ in and θ is the angle between the radius vector and the field direction. Thus, the total stress on the droplet is F = F 2 r + F 2 θ .
For the materials parameters in our experiments, the total electric stress F increases sharply when the frequency decreases below 100 Hz (Supplementary Figure 1, left panel) . This is consistent with the observation that the amplitude of the drop deformations (such as the ones shown, for example, in Supplementary Movie 2) increase with decreasing frequency.
The right panel of Supplementary Figure 1 shows the angle dependence of the magnitude of the normal component of the stress for three frequencies. For low frequencies the inward force at the pole exceeds that at the equator and the resulting shape of the drop is oblate. For high frequencies the reverse is true and the resulting drop is prolate. At a crossover frequency, the radial plot is circular, and the drop remains spherical. The equations (S1, S2) are qualitatively consistent with the frequency-driven oblate to prolate transition reported in Fig. 4(a-c) of the main manuscript.
The equations describe very well the phenomena relating to single droplet deformations, and provide a reasonable semi-quantitative description provided that the hydrodynamic lengthscale l h is short. At lower frequencies, droplet-droplet correlations become important because of the increase in the hydrodynamic lengthscale (Fig. 4(d) ). In addition, the volume displacement induced by the pulsating droplets provides an additional source of hydrodynamic disturbance. The interfacial tension γ is calculated from τ using the expression γ = 2ηa/τ whereη is an average viscosity of the two oils. From this method, the interfacial tension for the silicone oil/immersion oil system is γ = 2 ± 0.1mN/m, while γ = 3 ± 0.1mN/m for the silicone oil/castor oil system.
